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Katerina Politi, PhD

1. INTRODUCTION:

Lung cancer is the leading cause of cancer death worldwide. In recent years,
significant progress has been made in understanding the genetic alterations present in
lung cancer. Importantly, drugs that specifically target several of these alterations have
been developed and benefit a subset of patients. However, these targeted therapies are
almost always effective only for a limited amount of time. Drug resistance can emerge
for a variety of reasons and effective strategies to counter this problem have yet to be
developed. For example, a protein called the Epidermal Growth Factor Receptor (EGFR)
is altered in 10-15% of lung adenocarcinomas, a subtype of lung cancer. Patients with
tumors that have this alteration respond very well to therapies that prevent the EGFR
from functioning in cancer cells. However, on average after a year of drug-treatment the
tumors begin to grow again because they have acquired resistance to these therapies.
One of the mechanisms of resistance involves a phenotypic change in the tumor cells
from lung adenocarcinoma to small cell lung cancer. How this transition occurs is
unknown. In this proposal, we are studying the molecular and cellular mechanisms that
cause this transition to occur in preclinical models and patient specimens. Our goal is to
discover new targets that can inform the design of clinical trials to counter these
phenotypic conversions.

2. KEYWORDS:

* lung cancer

* EGFR mutations

* drug resistance

* phenotypic changes
* targeted therapies

* mouse models

3. ACCOMPLISHMENTS:
a. What were the major goals of the project?

The major goals of the project are to trace the cellular origin of EGFR mutant SCLC in
genetically engineered mouse models and to establish the molecular mechanisms that
cause TKI resistance in EGFR mutant SCLCs. Estimates of the % completion for each of
the major tasks in the SOW for the grant are shown below.

Specific Aim 1 Trace the cellular origin of EGFR Timeline Percent
mutant SCLC in genetically engineered mouse (months) accomplished
models
Major Task 1 Generate experimental animals for
experiments proposed in Aim 1 to determine 4 50%

whether transdifferentiation from lung
adenocarcinoma to SCLC occurs.

Major Task 2 Analyze the phenotype of TetO-
EGFR"¥**. Sfipc-CreER"; CAG-LSL-rtTA-IRES- 25%
mKate; Ascll-GFP and TetO-EGFR*™®*; Nkx2.1-
cre; CAG-LSL-rtTA-IRES-mKate; Ascll-GFP mice.
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Specific Aim 2
Establish the molecular mechanisms that cause TKI
resistance in EGFR mutant SCLCs

Major Task 3 Perform RNA sequencing of EGFR
mutant lung adenocarcinomas and SCLC from 0-12 25%
patient and mouse samples

Major Task 4. Functional characterization of genes
that contribute to the resistance and 4-12 25%
transdifferentiation of EGFR mutant lung cancers

b. What was accomplished under these goals?

The objective of this grant is to test the hypothesis that lung adenocarcinoma cells can
transdifferentiate to small cell lung cancer in the presence of tyrosine kinase inhibitors
and to determine the cellular and molecular mechanisms that regulate this process. We
developed two aims to achieve this objective.

B
Nkx2-1-cre;
CAGs-LSL-rtTA3IRESmKate2 ~ TetO-mutEGFR

= e

Nkx2-1-cre;
CAGs-LSL-rtTA3IRESmKate2;
TetO-mutEGFR

P s
H&E L858R mKate2

Broad expression of mutant EGFR
in the lung epithelium upon
induction with doxycycline

Figure 1. Nkx2-1-cre; CAGs-LSL-tTA3IRESmKate2; TetO-EGFR — (NCE) mice
develop lung adenocarcinomas upon induction with doxycycline. A. Schematic
representation of the cross used to generate NCE mice. Upon Nkx2-1 directed cre-
mediated recombination, rtTA is expressed and turns on mutant EGFR expression in
Nkx2-1-expressing cells when doxycycline is present. B. Hematoxylin and eosin-stained
section of a lung tumor in an NCE mouse (left). Inmunohistochemical staining of a lung
from an NCE mouse for EGFR"®® and mKate2 (time on doxycycline = 6 weeks).
Images taken at 10x magnification.

Specific Aim 1: Trace the cellular origin of EGFR mutant SCLC in genetically engineered
mouse models. We proposed to set-up up crosses of appropriate mouse models that will
allow us to perform lineage tracing and identify the cellular origin of EGFR mutant SCLC.
We have made progress in generating the mice for these studies. First of all, we have
established that TetO-EGFR"%*®R: CAG-LSL-rtTA-IRES-mKate2 mice in the presence of
cre recombinase and doxycycline develop lung adenocarcinomas similar to the very
well-studied tumors in TetO-EGFR"%**%; CCSP-rtTA mice (Figure 1). This important step
was followed by the acquisition of Sftpc-CreER mice. We did encounter delays in the
acquisition of Asc/7-GFP mice due to the presence of a viral infection in the colony of the
donating lab. However, we hope to obtain these mice shortly during the no cost
extension phase to be able to finalize these crosses for the experiment.
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We have also optimized our technique for
fluorescence activated cell sorting of lung
cells and have shown that we can
efficiently detect mKate2 in the lungs of
mice even after treatment with erlotinib
(Figure 2).

mKate2
mKate2

s E i mmemas s Specific Aim 2: Establish the molecular
2 weeks mechanisms that cause TKI resistance in

Untreated . : :
erlotinib EGFR mutant SCLCs. To achieve this

Figure 2. Efficient sorting of mKate2 positive goal, we have been working to
cells from the lungs of untreated and | characterize the genomic, transcriptomic
erlotinib-treated tumor-bearina mice. and epigenomic landscape of EGFR
mutant SCLCs and their corresponding pre-treatment LUADs. These are very rare

= specime
Sample Note Mapped Mi;mtatch Int;aagt:nic Exonic Rate I";:::ic Int:;gt:nic Split Reads Tll;aer;:::i:);s DS; ";: d ns.
YLROO2P2 pre 87,400,239 0<0 0.994 0.929 0.065 0.005 20,662,151 118,431 21,969 Th FOUg h
YLROO2P3 post 22,838,020 0.003 0.994 0.936 0.058 0.005 5,157,504 112,947 20,078 our Yale
YLRO48E1 pre 33,352,665 0.004 0.996 0.94 0.055 0.004 7,480,451 111,251 19,565 .
YLR0O48P1 post 137,117,030 0.004 0.996 0.933 0.062 0.004 35,400,902 120,457 22,650 reblopsy
Table 1. Alignment metrics for RNA sequencing data from FFPE samples of program
EGFR mutant tumors before (pre-) and after (post-) treatment with a tyrosine however
kinase inhibitor. , we
have

collected specimens from three patients that fall into this category. Whole exome
sequencing has been performed on these cases and has revealed that all of the EGFR
mutant SCLCs harbor TP53 mutations and 2/3 harbor RB1 mutations. Indeed, it is likely
that RB loss is a critical event in the
transformation of the LUADs to SCLC. - oa
Additional candidate genes that are mutated

are under investigation. We also have been - . PERBB3
working to optimize conditions to perform T
RNA sequencing of formalin-fixed paraffin
embedded tissue specimens, since the —-— —_— Actin
samples that we have collected have been | Figure 3. Efficient knock-down of
preserved in this fixative. Fortunately, we | ERBB3using the pinducer10 vector
recently successfully performed ~RNA | carrying an ERBB3 shRNA in PC-
sequencing using lllumina TruSeq RNA 9BRC1 LUAD cells.

access technology on two test pairs of pre-

and post-treatment EGFR mutant lung cancer specimens and obtained high-quality data
(Table 1). Given these promising results, we will proceed to perform RNA sequencing of
the EGFR mutant SCLC cases shortly. Moreover, in collaboration with Charlie Rudin at
MSKCC, we are analyzing the epigenomic profiles of these specimens. In preparation
for the functional studies of candidate genes revealed from the genomic studies, we
have tested identified lentiviral vectors-that can be used to carry cDNAs or shRNAs- that
work efficiently in LUAD cells (Figure 3).

0.25 0.5 1 ug/ml

ERBB3
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In summary, we have made substantial progress towards our goals and in particular
have overcome many of the technical challenges present in the grant. Given our
accomplishments this year we envision achieving our goals during the no cost extension
phase of the award.

c. What opportunities for training and professional development has
the project provided?

Although this project was not formally intended to provide training and professional
development opportunities, several of the personnel who have and are working on this
project have benefitted from it. Amlak Bantikassegn, for example, worked in the lab in
between college and medical school. Through this opportunity he learned about
oncology from both a clinical and science perspective and gained laboratory skills that
positioned him well when applying to med school. Mmaserame Gaefele, is also a post-
graduate and this experience will provide her with similar opportunities. In addition,
everyone working on the project, including myself, have many occasions for professional
development by attending weekly lab meetings, a weekly translational lung cancer
meeting at Yale, weekly cancer center and pathology grand rounds amongst others.

d. How were the results disseminated to communities of interest?
Nothing to report.

e. What do you plan to do during the next reporting period to
accomplish the goals?

During this year of the award we developed the systems and techniques to perform the

complex experiments proposed in the grant. With the 1-year no cost extension, we plan
to complete the proposed studies as outlined in section 3b.

4. IMPACT:

a. What was the impact on the development of the principal
discipline(s) of the project?

Nothing to report.

b. What was the impact on other disciplines?
Nothing to report.

c. What was the impact on technology transfer?
Nothing to report.

d. What was the impact on society beyond science and
technology?
Nothing to report.
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5. CHANGES/PROBLEMS:

a.

Changes in approach and reasons for change
Nothing to Report

Actual or anticipated problems or delays and actions or plans to
resolve them

We encountered two major delays. The first, was in obtaining the Ascl1-
GFP mice important for our proposed crosses. These mice currently exist
in a facility that has had a viral infection and therefore it would be
problematic to import them. We have identified other sources of the mice
though which should solve this problem. The second delay, had to do with
the fact that RNA sequencing on FFPE specimens is notoriously
problematic. However, we recently were able to optimize the process and
obtain high quality data recently. Therefore, we will be performing RNA
sequencing on samples of EGFR mutant SCLC in the next couple of
months.

Changes that had a significant impact on expenditures

Due to the delays in obtaining some of the mouse models and in
optimization of the RNA sequencing pipeline, we did not expend all of the
funds during the current year. Funds were present to cover a no-cost
extension and we anticipate expending these funds during the current
year as we continue our experiments.

Significant changes in use or care of human subjects, vertebrate
animals, biohazards, and/or select agents

Nothing to Report

Significant changes in use or care of human subjects

Nothing to Report

Significant changes in use or care of vertebrate animals.
Nothing to Report

Significant changes in use of biohazards and/or select agents

Nothing to Report

6. PRODUCTS:



Katerina Politi, PhD

a. Publications, conference papers, and presentations
i. Journal publications. Nothing to Report
ii. Books or other non-periodical, one-time publications. Nothing
to Report
iii. Other publications, conference papers, and presentations.
Nothing to Report

b. Website(s) or other Internet site(s)
Nothing to Report

c. Technologies or techniques
Nothing to Report

d. Inventions, patent applications, and/or licenses
Nothing to Report

e. Other Products
Data generated from whole exome sequencing and RNA sequencing of
tumors that have undergone phenotypic conversions at resistance and
their pre-treatment specimens is being collected. Upon publication these
data will be made available to the research community. Similarly, any cell
lines generated in our studies will also be shared. The EGFR transgenic
mouse models used in this study are already available through the NIH or
directly from my laboratory.
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award’s activation.

Table 1: Updates to funding support status reported at the time of award activation

Status at
Funding time of
Agency | Award Number Project Title award Current
activation status
NIH/NCI RO1CA120247 | Mutant EGF Receptor-dependent Active Completed
Lung Cancer in Human Cell Lines and -
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